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PREFACE 

This booklet la one of a series of seven used In the Thirteen 
College Curriculum Physical Science Course. The series Includes: 
"The Nature of Physical Science", 
"Chemistry" - Part I - A Macroscopic View", 
"Chemistry" - Part II - A Microscopic View", 
"Chemistry" - Part III - The Organic Molecule", 
"The Conservation Laws - Momentum and Energy", 
"Optics", and 

"The Gas Laws and Kinetic Theory". 

Each unit 1« designed to be self-contained. It starts with a 
fundamental concept and develops It In a spiral fashion through a hierarchy 
-of levels. Each level contains the development of at least one fundamental 
Idea frou empirical data obtained in the laboratory, the demonstration 
of the utility of the concept, and a natural termination point. By virtue 
of their self-containment, a given unit may be interchanged in a course 
•equencA with almost any other; consequently, a teacher constructs his 
course around the sequence of units that best suits his own interests and 
the background of his students. 

This booklet itself, however, is not self-contained or complete. 
Its effective use is strongly dependent oh students* own input and Individ- 
ual response. Laboratory exercises are designed to place students Into 
working contact with physical principles that^ naturally lead them to ask 
questions and discover for themselves the hidden laws. Physical concepts 
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and statements of physical laws are arrived at In the laboratory after 
careful experimental Investigation of physical phenomena and are not 
given at the outset of experiments. Consequently, stateisenta of the 
physical lavs to be studied do not appear In this vorkbook. They are 
derived from laboratory activities. It Is essential then that In the 
use of this workbook supplementary readings from several aources be 
relied on for a backgrcuhd of the history, development, and application 
of the concepts encountered In the course of our experimental studies* 

. Althought It Is designed to be used flexibly, this unit has a 
consistent format, designed to Insure a deliberate and disciplined 
approach to an open ended study of the principles of the physical sciucea. 
Each chapter begins with a brief discussion of the concept to be atndied, 
raises a series of questions about it, and outlines the rationale for an 
investigation. On occasion, detailed experimental procedures are suggested; 
though In the main, the details of the experimental design are left to the 
students and his instructor. Answers to the experiments are not given. 
Each student must supply his own* During classroom presentation and discussii 
of these results general patterns will be cited and physical laws identified. 
At the end of each chapter, questions, problems, and extensions to activities 
are offered to assist the students in assessing their progress and the value 
of the concepts they have encountered. 

It is our hope that students and teachers alike will find the use 



thMe Mterials a challenging and rewarding experience that leads to a 
deeper insight into the la%rs and practices of science and the process 
of education. 



14 



XI 



CONTKNTS 



Chapter I. GE::K11AL IWTRODUCTION • 1 

Chapter II. TDK CHCMICAL DONI) 

A. The Structure of the Atom » ^ 

B. The lonic^ Dond • • * 

C. The Covalcnt Bond ^ 

1. Brief Summary 5 

2. Detailed Study • 

3. The Notion of Shared Electrons ' 13 

V 

A. Covalcnt Bonding in a Nutshell 



Chnptur III. THE PATTERNS OF ORGANIC CHEMISTRY 

* 

A. IntruducLion • 

B. A Study v:ith MolecMlar Models 

C. Extracting Patterns From Experimcntrtl Data ■ • 20 

1. Chenical Classes 

2. Patterns V/icbin a Cliemical Class ^ 

3. Rc['ularitic:3 Araong Chemical Formulas of Compounds Within a 

Class ; 21 

4. Molecular Structural Similarities of Compounds V/lthin Chemical 
Classes; - 23 



D. A Short Summ:^.ry of Information on the Hydrocarbon Classes 



25 



E. Prohlc.r-s . • 28 

F. '"Ori/*tnlc Hummy" a Chemistry Card Game 



Clunptur IV.. T'lE ROLi* OF YIP.: CiPriICA'. WYA^') lis D]-TnUMi::r]C CME!IICAL ?R0- 

pp.RTirs 

A. IntriU^ucCu^n 

'38 

1. f 'n th''*r in^; I'.v^'d^Tk i* * 



15 



\ 



xii 

2. Statins t'^c Rule 35 

3. Applying the Rule 39 

4. Interpreting the Rule 40 

C. Chemical Activity 

1. The Concept. 42^ 

2. An Experimental Study 41 



D. Isomers 48 

E. Experimental Determination of a Molecular Structure 51 

F. Problems 53 

APPENDIX 55 



16 

ERIC 



\ 



1 

I . GENEPJ\L INTRODUC T 1 OW 

Most of the compounds considered in the unit "Chemiscry Part I" are classified 
as inorganic compounds and their chemistry comprises a major division 
of the field of chemistr>'. Another maj-or branch of chemist y involves 
the study of a class of compounds called organic compounds. These two 
classes of compounds are antithetical, for every known compound falls into 
either one or the other class. Consequently, a well rounded study of the 
principles of chemistry is not complete without a consideration of both. 

A precir.e and unerring definition that distinguishes them has been hard to 
cope by; chemists pursued the matter for centuries. The first attempts to 
construct a classification scheme that distinguishes between them was based 
on a suidy of living tissue. All living tissue contains substances whose 
chemistry differs from that of . non-livd ng matter. The substances found in 
living iratter were called organic and those in non-living matter, inorganic^ 
The implications of this rule were extended and it was postulated that all 
organic compounds are the products of living organisms. Tlie rule was a good 
rule of thuip.b; but the generalization was too broad'; it v;as disproven in 
1828. Wohler produced urea, an organic compound, in the laboratory by 
evaporating an aquo.ous solution of an inorganic salt called ammonium acetc:te. 
Since llic-n millions of other compounds liavu been produced from non-living 
m.iLtcr nnd idontified ^is organic compounds. 
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Alul^ough organic compounds ai'e not solely Che product of life, they 
are vital to life on this planet. Without organic compounds, the earth 
would be somevhat like the barren surface of the moon. All life would 
disappear. We would lose the essentials for sustaining; life: our food, 
our medicine, and oar clothes. In the table below are listed some of the 
more familiar organic substances. Of the substances listed, some - sucli 
as benzene >phenol , wood alcohol, and acetic acid are pure compounds, whilt 
others - such as fats, pror.eins, coal tar, and petroleum - are complex 
mixtures. 



TABLE I 



SOURCE 



ORGANIC CQ>tPOUND OR MIXTURE 



Animals 



fat , proteins 



Plants 



starch » cellulose 



Coal (destructive distillation) 



coal tar, benzene, pheriol> naphthalene 



Wood (destructive distillation) 



wood alcohol, acetone, acetic acid 



Petroleum (fractional distillation) 



cleaner's naptha, gasoline, kerosene, 
mineral oil, vaseline 



Fermentation processes 



ethyl alcohol, acetone, butyl alcohol 
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Steps leading to a more exact understanding of these compounds were made 
as a result of the advanced techniques and insights of modern chemistry. 
One of these steps was the recognition that the element carbon Is a prime 
ingredient of organic compounds. But this Is not the distinguishing cha- 
racteristic, for some inorganic compounds also contain carbon. Organic 
compounds are classified as a special group for the most fundamental rea- 
son possible, namely, because their patterns of chemical combination (i.e. 
their laws of macroscopic chemistry) are different from those of inorganic 
compounds. The scheme used to describe the laws of chemical combination 
for inorganic compounds simply does not apply to organic compounds. 

As we recall, the law describing the combination patterns of elements as 
thigy form organic compounds is based on the fact that a numerical value 

can be assigned to each element to represent its 'combination tendency' 

x 

with other elements. A simple accounting procedure can be set up that 
enables us to use the numbers to predict which elements will combine to 
form compounds. It is important that each element behaves so consistent- 
ly that we can use a single valence (sometimes two, but rarely more) for 
an element. As a consequence, any two elements combine with one another 
to form only one or two distinct compounds. 

For organic comounds this is not so. Hydrogen alone combines with carbon 
to form such an innumerable variety of organic compounds that these com- 
pounds comprise a special class worthy of its own study. They form an 
indeterminate number of compounds. In each one the relative valence of 
the two elements is different. There is no more dramatic way that these 
comounds may announce the inadequacy of a valence scheme to describe their 
behavior. 
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II. THE CHEMICAL BOND 
A. THE STRUCTURE OF THE ATOM 

What is the key to a scheme that describes the chemistry of ot\ganic com- 
pounds? How do we find it? In order to gain some insight, we study the 
details of the mechanism for the chemical bond, for it determines the pat^ 
terns with which atoms combine. 

We begin with a brief study of the structure of the atom and the details 
of the bond for inorganic compounds. 

Basic Features of the Atom 

1. Atoms are made up of a nucleus containing positively charged particles 
called protons surrounded with an equal number of negatively charged 
particles called electrons. Because the atom contains an equal number 
of positive and negative charges, it is aaid to have a "net or neutral** 
charge. 

2. Electrons are bond to the nucleus of the atom by electrical forces. 

3. The electrons are in constant motion about the nucleus. 

A. The principles of quantum mechanics require the motion of two electrons 
to become correlated when they are brought sufficiently near each other. 

B. THE IONIC BOND 

The ionic bond is responsible for the patterns displayed by the inorganic 
compounds. It is the simplest type of chemical bond and the easiest, to under- 
stand. This bond is accomplished by an exchange of electrons between two 
atoms. Each atom is composed of equal amounts of negative and positive 
charge. If an electron is transferred from one atom to the other, a charge 
imbalance is created between the originally neutrally charged atoms. The 
atom receiving the electron has an excess negative charge and the atom 
losing the electron has an excess positive charge and the electrical force is 
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created that binds the atoms together. 

In a word Electron Transfer" is the key to ionic bonding, 

C. THE COVALENT BOND 
1 . Brief Sunnnary 

The covalent bond which holds organic Compounds together is a little 
more complicated. The electrical forces between the electrons of one 
atom and the nucleus of an adjacent atom also play an important role 
in the covalent bond. However, the electrons that create a covalent 



bond between atoms are not permanently transferred from one atom to 
another but are equally 'shared' between the atoms. Moreover, while 
the ionic bond depends solely on the effects of electrical forces, 
the covalent bond incorporates an additional and very unusual mecha- 
nism. This mechanism has no counterpart in the world of everyday thinp,s 
because it is a quantum, effect and thus, restricted to behavior of mat^ 
ter on an atomic scale. The effects of this unusual phenomenon, none- 
theless, can be given an interpretation in terms of everyday phenomena 
that makes it a little less mysterious. 

All of the complicated details of the process aside, "electron sharinp, 
is the key to the covalent bond, 

2. Detailed Study 

The first question we must answer is "How may atoms, which have a net 
neutral charge, attract one another?". As we have seen above, the 
covalent bond is accomplished without a permanent transfer of charges 
uhich leaves atoms (or ions as they are called when they lose or ^ain 
electrons) charged. One would think that two atoms that have a net 
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neutral charge could not attract one another because the electrical 
forces acting on the negative and positive charge of an atom would cance. We 
find, hoever, this is hot so. Close inspection shows the strength of the 
electrical forces depend on the separation between the charged particles. If 
the charged particles of an atom are appropriately arranged a force results 
which may be either attractive or repulsive, depending on the spatial arrange 
ment of the charges. As an illustration of how this occurs, consider figure 
1 in which we represent two atoms each, composed of a single ele.ctron and a 
singly charged positive nucleus. To analyze the electrical forces between 
these two atoms we employ Coulomb's law of electrostatics which states that - 
the magnitude of the force of attraction (or repulsion) between two charges 
is proportional tu the product of the magnitude of the charges and inversely 
proportional to the square of the distance between the charges. Attraction 
occurs between two bodies of unlike charges and repulsion occurs between 
two bodies of like charge. Mathematically the law is represented by the 
equation 

F c?C - 3 ^ 
r* 

where F is the magnitude force of attraction (or repulsion), q^, is the 
magnitude of total electrical charge on one body, <\2 the magnitude 
of the total electrical charge on the other, and r is the distance between 
the charged bodies. 
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In figure 1 we have dlagrainiw^ci the forcee acting oti each charged particle 
within the atoms due to the charged particles within the adjacent atom. iThere 
is a force of attraction between the two oppositely charged particles of an 
atom but that is so strong that it binds them together. We represent its 
effects by drawing a double line between the electron and its nucleus 
to indicate that they remain together because of this internal force.] The 
length and direction of the arrows above represent the magnitude and direc- 
tion of the electrical force on the electron and nucleus of atom A caused 
by the individual charges within atom B. The symbols used to designate 
these forces describe the source of the forces. For example, the symbol 

represents the force on the electron of atom A by the electron on atom B. 

eB 

Because the magnitude of the charges on the electrons and nuclei of the atoms 
represented above are the same (only the sign of the charges differ), we 
may ignore them as a constant factor in comparing the . magnitudes of the 
forces described above. We need consider only the effects of the dif- 
ferent separations between the charges. 

Because the nucleus of atom B is closer to the electron of atom A than is 
the electron of atom R, the force of attraction by the nucleus on electron 
B is larger than the force of repulsion of the electron of atom B on the 
electron on atom A. 

Mathematically we may express this by the inequality 

nB ^ eB 

\ 
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The total force acting on the electron is P®„ • ^^t> . 

^ nB eB 

In a similar fashion we may conclude that the force of repulsion on the 
nucleus of atom B is larger than the force of attraction on nucleus A by 
the electron on atom B, or mathematically, 

c > 

the total force acting on the nucleus is - . 

nB eB 

Because of the direction in which the forces act, the electron on atom A 
is attracted to atom B, while the nucleus of atom A is repelled away from 
atom 6. 

In order to decide whether the total force acting on atom A is attractive 

e e 

or repulsive we must compare the magnitude of the forces F^^g - F^g 

,n n 

and f'^j^ - ^ePi' this, we must consult the formula 

which gives the precise magnitude of these forces, namely the mathematical 
expression for Coulombs Law. 

The easiest way to compare the differences between these forces is to draw 
a graph which represents the magnitude of the force between two charged ob- 
jects as a function of the distance between them am shown in figure 2 • 

As is indicated in figure 2, the length of the vertical arrows 

e e 

represent the electrical forces Fj^g Fgg , etc. The magnitude of 

e ^e 

the force , (Fj^B - ^^^) is represented by the difference in the length 
of the first two adjacent vertical lines and the magnitude of the force 

^nC ~ ^eB represented by the difference in length of the se- 

cond and third vertical lines. 
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Recduse the vertical lines represent Inp. the forces are equally spaced, we 
can easily see that F^^^ - F^^^ > f||^ - F^^^. Use of the 
B.eometrical principle tells us that because the vertical lines are equally 
spaced, the difference between their lengths would be equal if th^ tops of 
the lines could be connected by a straip,ht line. But since the line con- 
necting the tops bend upward we may conclude that F^^ - F^^ / - ¥^^, 

Thus see thajt . the.^orce of attraction on the electron is greater than 
the force of repulsion on the nucleus. Hence, the net force on atom A by 
the charges on atom B namely 



is attractive. 



, - e \ / n n \ 

' F - F F - F « ' 

nB eB/ - V^nB 'eB / 
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Analysis similar to that used above may be employed to determine t!» to- 
tal forces actiiir, betv;ecn neutrally charRed systems with various orienta- 
tions. In figure 3 we illustrate various relative positions that 
charged systems may take with respect to one anotlier auu siho^^ the direc- 
tion of the resulting forces. 

It is clear from the results of the preceeding problem, how two objects 
with an equal balance of electrical charge may have attractive electrical 
forces between them if their electrical charges are appropriately arran-ecl. 
Moreover we see that the force can be repulsive a^: well as attractive. It 
would be reasonable to guess that, atoms covalently bound assume an arran^o- 
ment similar to one of those above. Unfortunately the nature of the covalcnt: 
bond is not so simple; there is an additional complication. In the situa- 
ti(Mi represented above the charged part? c: es must remain fixed in the posi- 
tions r;hown if there is to be a f^c-t electrical force between them. However, 

27 
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" Electrical Forces Betwe en Adjacent Atoms as a Function of The 

Electrons* Position 



Total Force of B on A Total Force of A on B 






A on ?, 



(d) 



9 

o 



Total Force 
of 

^ B on A 



Total Force 
of 
A on B 




In (a) and ((!) of Hy/io 3 the total Gloctrical forces are attractive, 
wh-ile forces betwe^en tlio system in (b) and (c) are repulsive. Whether 
the two atomM nctmct or ro|H\l thorn in a matter of the cliarr.c arrangement 
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the negatively charged particles of an atomi the electrons, do not remain 
fixed but move in orbits around the positively charged nucleus. In order 
that there will always be a net attractive force between the two atoms, the 
electrons of both atoms must adjust themselves as they move around their 
nucleuss so that they always maintain an arrangement that results in a net 
attractive force. To see how this is possible, consider figure 4 
which represents the orientation of the electrons of two adjacent atoms at 
four different times as the electrons travel around thAir own nucleus. 

An analysis of the electron forces on the components of each atom shows 
that in each of the arrangements shown in figure 4 , there is a net force 
of attraction between the two atoms. Kance, in order for the systems to 
be correctly arranged at all times so that there is an attractive force be* 
tween them in spite of the motion of their electrons, the motion of the 
electrons must be synchronized. 

3. The Motion of Shared Electrons 

The correlated !?.otion of the electrons about their nuclei is the basic in- 
gredient in the phenomenon of covalent bondinf^. However, to complete our 
model, we must consider an additions! factor, one which leads to the notion 
that electrons are shared between two atoms that are covalently bootkd. 

Because of the net attractive forces of the adjacent atom cn an electron 
when it is between the two nuclei, it moves closer to the neighboring nucleus. 
But because of the effects of its motion about its own nucleus it soon swings 
back to the opposite side of its own nucleus. Similarly the electron of 
the other atom swings closer to the nucleus of the adjoining atom vhen it 
is between the two nuclei. As a result, the orbits of the electron become 
nore egg shaped than circular. They spend as much time near one nucleus 
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Figure 4 - Successive Stages of the Position of the Electrons Around Two 
Adjacent Atoms Bound By Attractive Electrical Forces 




The four figures above represent successive stages of the mo- 
tion of the electrons around their nuclei. At each stage the total electr 
cal force between them Is attractive. 
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at near the other and it beconea convenient to describe them as being 'shared' 
between the two atoms. 



\ 



4. Covalent Bonding in a Nutshell 

A siraolified picture of covalent bonding would be that the electron arranp.e- 
ment between two atoms switches back and forth between the arrangements shown 
below 

(a) 




(b) 



O 




Each of the arrangeiDents above resembles an ionic bonding arrangefnent • But 
the fact that the electrons are in the next instance transferred to the oth«r 

nucleus reverses the owiierchip of the electrons while still maintai'nlng an 
arrangement of attraction. We may say that the bonding is due to a coopern- 
tlve sharing of electrons. 
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III. TllE PATTERNS OF ORGANIC' CHEMISTRY 

A* INTRODUCTION 

One of the wonders of the law that describ e patterns of inorganic che 
mistry is its simplicity. Although the formation of a compound is the re- 
sult of complicated interactions between atoms, only the simplest aspects 
of the physical phenomenon are reflected in the law. For .^cample, as we 
have seen, the ionic bond is created as a result of forces between the elc 
trickily charged constituents of atoms. Although the details of the pro- 
cess ere coTuplicated the net effect is simple. Electrons are transferred ' 
from one atom to another creating a chargiid imbalance and, hence, an elec- 
trical force to bind the atoms together. The valences tliat we assir.n aton 
to represent their combining tendency turns out to be simply a measure of 
the number of electrons lost or gained in the transfer process. The fact 
that the total valence of an ionic compound is zero ir> a ref lection of th<- 
fact that the number of electrons lost by one atom equals the number of 
electrons gained by the other. Thus, the simplicity of the staterient of 
the law is a reflection of the existence of a simple description tor tlie 
physical meciianism responsible for the bonding proces.^. 

We may expect that the same is true for organic com^'ounds. If there is 

simple law that describes the patterns with which eli:':nenty combine to form 

organic compounds, it must bear a dlri-ct: relation to sinplc, ncciirate dr- 

scrlption of the orf,r>nic bond. The slvuly ^ tti" chnpLer II, showed thnt tluv c 

valent bond doe.s have a sipiplc intarprotation, it is formed as- tlu^ resnll 

/■ 

y 

of two atom.s shnrin^', electrons. 
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In this chapter we exploit this simple interpretation of the covalent bond 
to establish a law that describes the patterns of organic chemistry. To 
simplify our study we restrict ourselves to an investigation of the simplest 
class of organic compounds, the hydrocarbons, which are composed of only hy- 
drogen and carbon. In the light of what we learned about the covalent bond 
we will assume that an organic molecule composed of hydrogen and carbon atoms 
is formed according to the following rules: 

1. Instead of transferring its electrons, the carbon atom will share 
its four electrons with neighboring atoms. The four electrons 

, are used because the carbon atom has a tendency to lose or gain 

four electrons in fonaing ionic compounds. We assume this number 
is significant for organic compounds as well. 

2. Instead of transferring its electron, the hydrogen atom will share 
its one electron with neighboring carbon atoms. One electron is 
used because the hydrogen atom tends to lose one electron in forming 
ionic compounds. 

3. We will maintain a faith in nature's preference for order and reg- 
ularity and require that the models we construct have a structural^ 
symmetry . 

n. A STUDY WITH MOLECULAR MODELS 

We will search for the patterns of chemical combinations in organic compounds 
by usirip, the rules cited above to generate mechanical models of organic mole- 
cules. It is not important that the model bear a close resemblance to the 
molecule it represents; for we will be concerned only with the broad features 
of the molecule such as the ratio of carbon and hydrogen atoms that it con-- 
tains. The value of our rules depend on whether or not they can be used 
to predict the patterns with which atoms combine to form compounds. 
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EXPERIMENT I -A STUDY OF MOLECULAR MODEtS OP THE HYDROCARBONS 



EQUIPMENT; Five 3/4" diameter styrofoam balls. 

.Twelve 1/2" diameter styrofoam balls. 
One box of tooth picks. 
One set of organic information cards. 



PROCEDURE: -Using the rules below, construct as many models of molecules 
as you can containing: 

(a) one carbon atom J 

(b) two carbon atoms 

(c) three carbon atoms. 



Rules for Constructing Models 

(i) Each carbon atom (represented by 3/4" balls) Is con- 
nected to its neighbors by four bonds (tooth picks). 
It can have up to four neighbors In satisfying this 
rule. 

(ii) Each hydrogen atom (represented by 1/2" balls) is 

connected to Its nelf^hbors by one_ bond (tooth pick). 

(ill) The molecular model must contain at least one of each 
type of atom. 

(Iv) The molecular model must have an overall symmetry. 
wTien a model Is constructed obeying these rules ^ draw a picture of the struc- 
ture and record the chemical formula that represents It. In order to check 
whether your models represents (have the same number of hydrogen and carbon 
aeons as) a real compound, a reference source containing listings of the 
chemical formulas of the hydrocarbons should be consulted. In addition to 
Che chemical formula' of the hydrocarbons the reference should contain Infor- 
mation about the compounds such as their names and some of their chemical 
properties. The ISE Organic Compound Information Cards are recommended for 
this purpose. These cards contain the following Information for each hydro- 
carbon molecule with up to five carbon atoms: 
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(i) The dicmlcal formula 

(11) Tlie name of the compound, If It exists. 

Some of the hydrogon-( hon combinations that satisfy 
the rules for a ^ial' ^ del do not represent existing 
compounds under H 
ordinary laboratory • C • C 

conditions such as: H H 

These compounds and the fact that they do not exist 
should be recorded also. 

(Ill) Important properties or uses.- 

Each time you discover a molecular model that represents a real hydrocarbon 

molecule, record all of the Information about the compound contained on the 

information card. 

Carry out your investigation in steps. Find all of the molecules with one 
carbon aton first. When the.se have been exhausted construct all of the mouc's 

you can \7ith Cuo carbon atomri, etc. 
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C. EXTRACTING PATTERNS FROM EXPERIMEMTAL DATA 

Given tiie experimental data you collected in the above experiment, you 

are in a position to begin looking for patterns among them. We shall be 

0 * 

searching for Regularities in the molecular structure and chemical proper- 
ties of these compounds that enable us to predict: 

a, the existence of other compounds. 

the way they behave in chemical r^actjions., 
For this is the purpose of chemical Iaws, 

•4 

\ 

To assist U5, we have collected three types of information: 
a* information on their molecular structure 

b, some of their chemical reactions 

c, the nomenclature scheme chemists use to designate them 

By and lari^e the noninnclature scheme may be treated on the same basjis as 
the data on their chendc;:! properties. Chemists often devise fiy<5tGms to 
aamc coiapounds that reflect their chemical properties. Thus we may treat 
all of the data above as if It were empirical data obtained in the labora- 
tory given to us by professional chemif5ts who have performed e:rperinicnt.s . 
For example, once discovering a new compound v;e could ask a chemist to do 
experiments and determine some of the chemical properties of the compound 
and give us the chenical equation dascribinf^ his results. In this way wc: 
would obtain the chemical formulas paven on the information cardr^*. Similar- 
ly we could ar;k hin to perfortn other experiments that v;ould enable him t/.* 
classify the compounds according to some scheme. After he does this lie 
■ would likely naniP tlio co^.^>ounc{^^ to refio.cl: similarities in their cho^ica.l 
propertiob.* ' Tliui^ we von Id obtnin tho nt^n-nos of the compoundfi afi vK' liave \\\v'[ 
on the inr<ri-r i.-»tioii c.*>rc:-i. Our proi)!^.} no\j iy, to rola^e thit^ infornnMoii to 
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the structural properties of these compounds and search for patterns among 
them. ^ 

1. Ch emical classes 

Assuming that chemists have given the compounds names with some scheme in 
mind, we begin a search for a pattern amonp, these names. A comparison of 
the endings of the names of the compounds shows that all the compounds found 
in either ~ane, -ene , or - yne * 

PROBLEM I: List all of the reaction equations for the hydrocarbons found so 
far. Substitute names for the chemical formulas in the reaction equation. 
For example, the equation: 

CH^ + II2 > No Reaction 

reads : 

Methane + Hydrogen yields no reaction 

Since we are searching for similarities among compounds with the same end- 
ings in their names, it may be helpful to rewrite the chemical reaction equa- 
tions once more, this time omitting the prefixes. Search for a pattern a- 
mong the results. 

2. Patterns within a chemical class ^ 

PROBLEM 2: List the compounds within the same class vertically in order of 

increasing number of carbon atoms and label them with their names. 
What patterns do you notice in the use of prefixes? 

3. R egularities' Among Chemical Formulas of Compounds Within a Class . 

PROBLEMS 3: Assuming a valence of +1 for hydrogen, compute the valence for 
carbon in all of the compounds found. Assuming a valence of 
-4 for carbon, compute what the valence must be for hydrogen in 
all of the compounds found. Discuss the value of a valence as 
an aid in predicting the occurrence of these compounds. 
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PROBLEM 4;Ll.t the chemical formula of the compounis of the alkane class 
m order of increasing number of carbon atoms. Construct an 
. ordered pair of numbers from the formulas of each to represent 
the number of carbon and hydrogen atoms in each compound. Search 
for a relation between pairs of succeeding numbers. Use this 
pattern to predict the. formulas for the next largest alkane com^ 
pound. For example, let us assume the formula for methane, e- 
thane, and propane are: 

CH2, C2li3, C3H4 

(Note: These are not the correct formulas for these compounds. 
We are using them merely as an example.) 



PROIiLEM 5: Predict the names for each of the compounds with four carbon a- 
toms you found above. Experimentally, check the validity of 
your theoretical predictions by consulting the information cards. 

PROBLEM 6: After identifying the chemical formula for the fourth alkane, the 
third alkene, and the third alkyne, add these to the series of 
formula and try to construct a general, mathematical formula that 
relates the number of carbon atoms to the number of hydrogen a- 
toms, so that once the number of carbon atoms is known, we can 
predict the number of hydrogen atoms that will combine V^th it, 
For example, in the hypothetical series given above in problem 
^ each term in the series: 

CH2, C3H4, C4H5, C5H6,...^^_^ ,j 

may be represented by the formula: 

^N^N+1 

This is a mathematical way of saying that for each of the compounds 
in this series the number of hydrogen atoms is always one more than 
the number of carbon atoms. 

PROBLEM 7: Repeat the process described in problem 6 to find the general 
chemical formulas representing compounds of the alkene class. 

Find the general chemical formula for alkynes. 

PROBLEM 8: Using these general formulas, predict the name and chemical 
formula of the: 

alkane with 5^ carbon atoms 

alkene %fith 5^ carbon atoms 

alkyne with 5^ carbon atoms 

ERJC 38 ^^^^^ your results experimentally by consulting the information 

j^^^^^^^j^^^^ r s 
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4. Molecular Structural Similarities of Compounds. vrLthln Chemical Classes , 
According to the patterns discussed above, there are two features common to 
compounds within the same class. 

(a) They have similar chemical reatlons* 

(b) The number of hydrogen atoms arid the number of carbon atoms In 
a given compound Is related In a way that can be described by a 
mathematical formula. 

f 

It would be useful If we could Identify other structura l similarities among 
compounds In the same chemical class, since geometry and structure has been 
the k£y that has enabled us to make progress so far. 

PROBLEM 9: Study the models representing the molecular structure of the al- 
kanes, alkenes, and alkynes. Search for structural similarlcies 
within chemical classes and differences between chemical classes. 

According to the instructions above we vouia then lorm pairs of 
numbers of carbon and hydrogen atoms in each compound, thus ob- 
taining: 

(1,2) (2,3) (3,4) 

These pairs of numbers have a very simple relationship namely, 
that the number of hydrogen atoms is always _1 more than the num- 
ber of carbon atoms. Hence, an (hypothetical) alkane with four 
carbon atoms would have the formula C4H5 if this pattern were the 
same for all compounds in the alkane class. 



Repeat the above process for the alkenes. 
Repeat the above process for the alkynes. 

After completing the above study, it is reasonable to ask, "How closely do 
our models resemble real ^molecules?" Have we generated the correct patterns 
purely out of luck ? Or is the fact that our model generates the correct 
numerical patterns to describe the combination of hydrogen-carbon atoms an 
indication that our model contains most of the essential features of real 
iliolecules? We can answer this only by appealing to further study. 
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Experimental evidence obtained by chemists shows that the patterns are no 
accident and the alkanes do share one electron between carbon atoms, the 
alkenes share two electrons between a pair of carbon atoms, and the alkynes 
share three electrons between a pair of carbon atoms . Our faith in the 
model as an accurate representation of real organic molecules is vindicated. 
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U. A SHORT SU^^MARV OF INFORiWIOM ON 
THE HYDROCARBON CLASSES 



Fill in the names and graphic representations in tables 
II, III, and IV. 



Table II - Some AlkancH 




Molecular Formula 


CIraphj c yv-cpresenmi ion 








'■A 






C3Hy 










C 11 
5 12 
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Tabic III - Some Mkenes 





ilolcculnr Formuln 


Graphic Reorosent.-af ir.r. 




C H 
2 4 






"A 


■ 1 

1 
i 

1 

t 
S 










C H 
5 10 




• 
• 

• 


• 
• 


• 
• 

• 



V 




2? 



Talkie IV ~ Some Alkynes 



Name 


Molecular Formula 


Graphic Ronrp^iontDr »n 


*- 


C H 

2 2 




3 A 




C 11 






* 

! 




• 
• 
• 


• 
• 
• 
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E. PROBLEMS 



1. Group the following compounds into alkanes, alkenes, alkyrc^s: 



(a) 




(b) 








(c) 




H H 


H 




H 




H 


H 




s y 


\ 




/ 




1 


1 


1 


c 


C 




C 


H - 


C - 


C - 


C 




/ 




\ 




f 


1 


i 


H H 


H 




H 




H 


H 




<ci) 




(e) 








(f) 






ii 


H 


H 




H 


H 


Ii 




N 


1 


1 




1 


1 


1 


- C I C - H 


c = c 


- C - H 


H - 


c - 


C - 


C 




/ 




1 




1 


1 


1 




Ii 




li 




H 


H 


H. 


the foliowirir. 


coaipounils : 














(a) 




(b) 






(c) 




H H 


H 




H 




!l 


W 


H 




\ 




/ 




1 


1 


t 


C 


C 




C 


H - 


C - 


c - 


C 


/ \ 


/ 




\ 




1 


1 




H H 


H 




H 




H 


11 


H 



(d) 




(e) 


(f) 








11 H 


I{ 


K 


n 


w 




\ 1 


1 


1 


1 


1 


\ C - H 


c s: c 


- C - H 


H ' C - 


c - 


c 




/ 


1 


1 


i 


1 




K 


H 


n 


w 


li 
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Which of! the foliowing compounds obeys bonding .rules that are not 

consistent with that found in the hydrocarbons? 

(a) (b) (c) 

H H H 

H— C H— C — H C^iC 

H H H 

(d) (e) (f) 

C C H H 

N / H I I 

H H-C = C- C-I1 c— r-c — H 

/ S - - - ^ J 

C C H I 11 

' H - C - It 

(g) (it)" (i) 

W^Z^^ H 
U I 
C — HsC H-CrC-C c 

< < \ // 

WW H H - C C - :< 

I li 

^ c c 
H >^ / n 

c 

II 



Give the chemical formulas for the compounds whose i?trucrur ^"^1 fori; 
arc given in ])roblr:in W \. 
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Give the structural formulas for the fo''"' owing compounds 

(a) C^H^ (e) C^H^ 

(b) C^H^ 

(c) C3H3 

(d) C^H^ 



Identify the hydrocarbon class to which the. following- compoundf 
belon^^: 

(a) C (e) C 

2 4 2 2 

(b) C H 

2 6 

(c) C U 

3 8. 

(d) C 11. 

3 4 



Kawc each of thr compounds listed below 



(a) C^II^ 

(b) c^H^ 

(c) C3Hg 



(d) C.H, 

3 4 

(e) C^H, 



Complete ""he followlnp, reaction fiqiiatlons 
(a) AJko.U'S + ~ > ? 



(b) All.'.UfS + 

(c) Alkvnc^ ^ H„ 



-> ? 
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F. ^'ORGANIC RUMMY^' 
a CHEMISTRY CARD GAME 



As a means of engaging students In a practice of some of the 
important rules of organic chemistry, a card game has been devised and Is 
described below. The main features are: 

(a) Students are given a chance to display their knowledge 
of organic chemistry and at the same time learn more. 

(b) They are able to engage In a creative exchange 6f 
scientific ideas In a friendly spirit of ccmpetltion 
usually reserved only for professional scientists* 

DKSCRIVTION OF THE CARDS 

A c^eck of ''ORGANIC RUMMY*' CARDS contains different kinds of card 
Each is shown below 



7 


5 J 






H 


C 




• C S 




c > 






(a) 


(b) 


(c) 



Each card represents an atom, and an arrangement of bonds. 
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By arranging a proper set of these cards it is possible to construct represent- 
ations of hydrocarbon molecules. A few of these arrangements are shown below: 



H 




H 

c 




C 7 

C 




H 




H 



methane (CH^) 



H 

\ 




H 




k /K 7 

c j c 

t V > 




U 




\ 1 
1 



ethene ^^^^ 



ethyne (C H ) 
2 2 
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OBJECT OF THE GAME 

The object of the game Is for each player to arrange his cards to 
represent molecules which will enable him to total the momt number of points* 
The rules for points are given below. 



RULES 



1. Each player is dealt 2 cards to begin the game* 

2* A single deck contains 90 cards* Any number of players may 

play. If more than four players are engaged in a gaiae »two decks 
should be combined. 

3. The player to the left of the dealer begins the pl^* He may 
either **spread^* a compound [i.e. arrange his cards on the table 
face up so that they represent a valid hydrocarbon compound] or 
he may pass his chance to ''spread*' and Instead draw a card 

from the deck [placed face down in the center of the table] in 
an attempt to improve his hand. 

4. Each player receives a fixed point value for his compound spread 
according to the scheme given below. 

5. In addition to the base point value of his spread a player has 
a chance to total extra points by identifying pertinent facts 
about the compound his spread represents. Specifically he is 
given the following points for identifying the features: 

(a) chemical class 5 points 

(b) name 10 points 

(c) chemical formula 5 points 

(d) some property or use 5 points 

(e) one of its chemical reactions 10 points 
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Encunple.: 
Spread I 



H 




H 

/ 




^ 7 

c 

f s 




7 

H 




t 

H 



20 * carbon atoms 

5 - Class (alkane) 
10 - Name (methane) 
5 - Formula (CH^)^ 

5 - (property) Gas at room temperature 
5 - Reaction (CH^ + H^^^"^?^ No React li 

Total score " 50 points 



Spread 11 



80 - Carbons Atoms 
5 

V 10 

5 
0 
10 



Total score -110 




- Class (Alkyne) 

- Name (Butyne) 

- Formula (C.H.) 

^ n ^ O 

- Property? 

- Reaction: Hutyne +2H^ ■ > Butan.^ 
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6. When spreading his compound each player must record all 
identification information on a sheet of paper to accompany 
the spread. All inforr^ation is subject to scrutiny by other 
players. On questions of the validity of identification of 
information the "Handbook of Chemistry and Physics" should be 
consulted. 

7. After spreading a compound, the player then draws from the deck 
numbers of cards equal to those he spread to replenish his 
hand. 

8. The game is complete when: 

(a) a player has spread all his cards and there are no more 

available in the deck. This player goes "out" and the 
game ends. 

(b) the deck is exhaused and each player after having a 
chance to make a spread from the remaining cards in his 
hand can spread no more. 

9. At the end of the game, each player totals the number of cards 
in his hand and multiplies by 5, then subtracts this score from 
his game total as a penalty. 

10. If a player has gone "out" to end the game, he multiplies his 
last spread score by two , as a bonus. 

11. The player with the highest score at the end of the game wins. 

\ 

Variations 

There are many possible variations to these rules. Players may 
couple to play partners and design features in the rules that enable them to 
benefit from one another's card strength. Rules may be designed to approximate 
the "contract" playing of bridge, or pinochle. Even a game of "Orgatiic Solltarc" 
can be designed. Studcntii should be invited to try their imagination at con- 
structing soi^iiii of these variations. 
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Bonus Cards 

In order to increase the frequency with which compounds with larf»,e molec- 
ular structures are introduced into the p.ame , a group of bonus cards are 
added to the deck. The cards contain represenLations of frap.ments of large 
molecules. Several are shown below. 



H 


H 


H 






f 


C — 


C 


_ c 


1 


1 


\ 


li 


H 


H 



H 
I 

- C 



H H 

I I 
C - C 4 

I 

H 



These cards are used along with other cards to complete a molecular structure 
For example, the three~card spread below represents a molecule of propane 




/ 



id 
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IV . TiU : ROLE OF TH l i: CHEMICAL BOND 
IN Di'Tl'RMINING CHEMICAL PROPERTIKS' 



A. INTRODUCTION 

The spatial confip,urations of its covalent bonds is a pivotal property of 
the organic molecule. We have built a model on this principle that has 
been very effective in assisting us in deciphering' codes ai.d relations hid- 
den among laws of organic chemistry. 



In this section we will rely on our molecular model to lielp us understand 
the role of the chemical bond in determining the outcome of chemical reac- 
tions. The model we have developed enables us to determine possible out- 
comes of chemical reactions. It remains, however, for us to identify the 
properties of molecules tliat determine the p robable outcome of chemical 
reacciunfi. For example, by usin^; the rules of covalent bonding to rearrange 
the bondinc> pitterns alone, we can predict several possibilities, but we cannot 
predict wh^^'rh one occurs in the laboratory. 



(a) 




H 










<, 


•1 


Cl-Cl] 


(b) 


H ^ 


H 






(c) 


C - 
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+ 





c - c 



CI 



HClj 



CI 
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— 




H - H 



H H 
I \ 
H - C - C 

\ I 

CI CI 



- H 



3» 



Each of the three reactions is theoretically possil^le, i.e. tliey satisfy 
our fundamental rules for covalcnt boncllnp,. But they arc all different and 
they do not occur v;ith equal probability. Usually only one occurs under nor- 
mal l(a\oratory conditions. Nature chooses which by evoking some new rule, 
for all three equations obey all the rules we have discovered so far. The 
object of this chapter is to find that rule. To^ dp this, we must resort 
to reviewing additional and some new experimental'^evldence. 

B. DEVELOPING A NEW RULE - 
!• G«therinR Evidence 

It is reasonable to begin by reviewing the set of reaction equations V7e 
have acquired so far about the compounds. For convenience we have listed 
all of these below: CH- + ' ^ No Reaction 
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No Reaction 
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C H 
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No Reaction 
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^> 
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No Reaction 
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PROBLcM: Draw the structural equivalent of each of the equations listed 
and search for patterns of similarity among them. 



2. Sta ting the Rule • 

PROBLEM: Construct a rule that sums up these effects so that someone who 
does not know the results could predict them usinj> your rule. 



3. Appiyinc> the Rule 

PROBLEM; Apply your rule to predict the outcome of the reaction. 

Ethene -fHr^ « 



PKOBLK?l: 



Use the covalent bond^ model and the new rule devised above to pre- 
dict the reaction products in the reactions shown below: 



a) 



b) 



c) 



[hci] 



H 



H - C = C - HI + 

H H 

I t 

H-C-C-C-C-C 

I I I I I 

H H -H H TI 

H 
I 

H-C-H 

H 
I 

H - C - C - C 

i / I 

H I H 

H-C-H 
I 

n 



/ 

c 
\ 



H - Br 



H - CI 
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4 . Interpreting the Rule 

The rule we have developed has proven to be a very useful one. If we were 
to make a simple interpretation of these results, we could postulate that 
during chemical reactions between organic molecules, the weakest covalent 
bond breaks and is made available for accepting new atoms I 

This is an intriguing interpretation, but the fact that a bond between the 

two carbon atoms tliat share the most bonds Is the one to break implies it 

is the weakest. Such an interpretation runs counter to our intuition. It 

would seem more natural for two atoms that share the most electrons to have 

the str onges t bond. This would be true if the bonds did not interact with 

one another. But because of the electrical nature of the bonds, this is 

not tiie case. One can demonstrate this effect using mechanical models. In 

section F of Chapter IV a physical model is described that illustrates this. 

That model is based on the use of magnetic instead of electrical forces but 
the principle is the 

PROBLEM: Construct a model of the ethyne, ethene, and ethane molecules and 
indicate the spatial distribution of thei-r electrical charges. Re- 
view the magnetic model in section F. Construct a similar model 
based on electrical forces to predict the relative strp.ngth of 
the carbon-carbon bonds in these molecules. 

Use your model to explain why it is reasonable that carbon mole- 
cules are not found to be composed of two carbon atoms (i.e., C2). 
Note that this structure is consistent with our rules which state 
that the carbon atom must share four electrons with neighboring 
atoms. 
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C. Cili:MICAL ACTIVITY 

1. The Concep t 

One of the fundamental ideas introduced in our study of inorganic compounds 
was that of the relative activity of elements. Chemical activity was de- 
fined as a mftasure of the tendency of an atom to break old bonds and form 
new ones. This concept, along with an empirical measure of chemicr^l acti- 
vity, is useful in enabling us to predict the results of chemical reaction?. 
A similar concept can be introduced which will enable us to relate the re- 
action properties of organic compounds. In general terras, chemical activi- 
ty is a measure of the ease with which chemical bonds are broken. Thif; 
can be verified eyperimeritally . 

PROBLEM: On the basAg of the previous sections predict the relative cberair 
activities of ethane, ethene, and ethyne. List tlicm in ord'^r of.. 
of jncreaoinf' chemical activity. 

2 . A K vsj or ij'liyi.tjl^ S t ud y 

A study of*chcmical reactions in inorganic chemistry shows that the grentc: 
the difference in the activities of elements, the gr^iater the AiTiount of he/ 
that is given off in a reaction between them. We proceed to ste if this 
principle may be extended to organic compounds. A reasonable r^tudy ic r;:.I;c 
in order to compare tha properties of compounds with different a^ti^Mti••^ 
is to have each react with the sr.me compound and measure the tcropr.rnturc 
of ench renction. 
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Experinent II - The Rela tive Activities of lteth ati^^, Ethene, and Kt hyne 



Equipment: Cannisters containing samples of methane, ethene, and ethyne 
are available in a "Demonstrator Kit" from the local gas 
company for a small fee. 

The purpose of this experiment is to compare the activities of each 
of these cotupounds by comparing the temperature of its flame. 

1. Connect each crinaister to a bunscn burner and ignite the gasos. 

2. U.sin^ tcags, hnat a pyrex test tube in the ethyne flame uncjl 

it mel:.t>. Record the heating time so that each licating oparc.tion 
can hL fairly co;n|.urod. It is well known thc^l the duration of 
1 1 1. a 1 1 : r f 1 e i' e I : v* o j> u 1 1 G • 

:K .'ivar ::.o:/M* ^'f^^ luh'.^ in the etlioue tlrj^n uutil it melts. 
Kt.c:r.^d tM'? huc'.irv; time iieedeJ to melt. 

^' Heal a cl»lrd p.-r.-:: tul^e in the methane fl:-ime. Double or trlpl.- 
the tiiui held in the echene flame as a dcmonf^trafi on that tlic 
pyrex docs not melt in the methane flame. 

5. Rt pr.a th.c d'^;r. )r: 54 7\'^it ion using three iron nailrj. 

The^-.' re.su J.r 5. are suT.n.ar i.zr d in table V. 
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Table V 

COMPARIS ON OF BURNING TEMPE RATURE 
OF SOME HYDROCARBONS BY HEATING TEST MATERIAL 



FXAME COMPOUND 


TEST MATERIAL 


EFFECT 

on test material 


Heating Time 


methane 


pyrex 


None 




ethene 


pyrex 


Melts 




ethyne 


pyrex 


Melts 




mar.hnne 


Iron 


None 






Iron 


None 




ethyne 


Iron 


Melts 
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The first step in analyzing our experimental results Is to write chemical 
equations for the* burning reaction. The common phenomena of burning is 
basically the result of a substance combining with oxygen at high tempera- 
ture^ and giving off heat. This heat in turn maintains a higher temperature. 
More oxygen combines with more material and the reaction sustains Itself. 



PROBLEM: 

Draw the structural equivalent of each of the burning reactions below, and 
predict the reaction products and show that there are at least two possibi- 
lities of reaction products- 

> 



ethane + oxygen 
ethene + oxygen 
ethyne + oxygen 

[Note: Oxygen atoms form ccvaient bonds with ono another to form 
molecules with the formula ^2*^ 



-> 



These problems may be solved by utilizing the nomenclature scheme for these 
'^.ompounds and the rules of covalent bonding. For example, using the nomen- 
clature rule the equation: 

methane + oxygen ^ 

translates to its structural equivalent given below. 

H H 
C 



H 



60 



45 



If the carbon combines with the oxygen, there nre several possibilities , 
two of which are: 



H i: 



H 



0-0 



U 



C^O 



H - H 



and 



H H 

V / 

c 

/\ 

H H 



0-0 



C - 0 



H - H + 



H - H 



It turns out that in the second case, there is a further reduction; the 
hydrogen molecules arc freed and other oxygen molecules combine to form water 
so that the total reaction is usually written as: 



H H 



2(0 ■= 0) 




0 « C « 0 


+ 


2(H'-0-H) 













There are even more possibilities for the reactions involving ethane, ethene, 
and ethyne. Thi?; ±s another pracLical illustration of the need for other 
laws rt* f:,rirJi chemical reactions if we are to be able to make reasonable and 
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accurate predictions about their outcome. 

In this instance we rely on empirical evidence. The results 
of chemical analysis of these reactions shows that the major products are 
COj and water. Thus, the correct solutions to the equations are: 

iCjHj + 50^ J-ACOj -f ZHjO 

CH4 + ^COj 2H2O 

There Is a major ingredient missing from these equations, i.e. the 
aaount of heat liberated in the process. We provide this by analyzing the 
data from the heating demonstration. 
Problem: 

Using the information from the melting experiments , order the three 
reactions in terms of increasing amounts of heat liberated. 

The result shows that the heat of the ethyne reaction is greater than. that 
of the ethene reaction which in turn is greater than that of the methane, 
reaction. To accommodate this information we modify the equations repre- 
senting the burning reactions to read: 

>■ ■ 

CH^ + 20^' •—-^ CO^ + 21I2O + (Heat), 
C,,H, + 30^ ■■ .7 2C0o + 2H^0 +(Hcrat)., 
2C2li2 + SO^^^^ACO^ + 2H2O + (Heat)^ 



where 



ERIC 



(Hejt) 7 (Heat)"/ (lieat). 
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Since the reaction productsf are the same In each case, it Is reasonable to 
attribute the difference in heat between them to the difference In their 
initial products. Thus, if we associate heat liberated vith chemical acitlvity, 
we have evidence to confirm our earlier prediction i.e. that ethyne is raore 
active than ethene which is more active than ethane. 



- 63 



ERIC 



48 



D. ISOMERS 

As- further evidence of the important role properties such as the 
strength of the chemical bond play in determinl^.g the chemical properties of 
the compound, it is instructive to compare the propertit of a special set 
of compounds that are related in a unique way. These aro compounds which 
have the same chemical formula but have different molecular structure. 
Two or more chemical compounds related in this way are call'id isomers. 
For some compounds such as methane, ethane and propane there is only one 
possible arrangement of carbon and hydrogen atoms that will satisfy the 
valence rules. Butane, on the other hand, may have its four carbon atoms and 
ten hydrogen atoms arranged in two different ways: 

H 

I 

C - H Normal butane 

I 

H 

Isobutane 

H 

Although these compounds have the same cheraical formula, -^I'j^g' ^^^^ 

have different chemical and phyfJical properties. For example, the boilinp 

point of isobutane is 10° C, while than of normal butane is -1" C. 

The fundanental concept of isomerism is that two identical nets of 



U 
I 

H - C 
J 



H H 

t t 

C - C 

I I 

H H 



H - C - H 



H - 



I i 

C - C 
I i 

H H 



K 

I 

C 
I 

H 
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atoms ordered in different structural arrangements may have different chemical 
and physical properties. Although this may seem difficult to understand at 
first, further thought shows this result is consistent with the following 
concepts : 

(a) The chemical properties of a compound are determined 
by the relative ease with which various chemical bonds 
are broken* 

(b> There are electrical Interactions between bonds. Different 
bonds have different strengths* 

(c) The strength of a given chemical bond In a molecule is de- 
pendent on the total structure of that molecule* 

The total strength of a given bond Is dependent not just on Its 

iuv.tiodiate eiiviiv;nment but the total structural arrangcn^cnt of the molecule. 
Con..si<1or an analogous structure problem with bricks and mortar. If we give 
tert different iren 1000 bricks and cement and have each build a structure using 
all of the bricks, the strength of each structure, and hence the strength of 
its weakest bond, is determined by its overall architecture. Certain designs 
will collapse under a given weight more easily than others. Thjs is a basic 
principle of architectural design* The snme principle holds In the architecture 
of molecular design, only the bricks and the mortar differ* 

It is diff.^cult to predict the precise differences in properties of 
two isomers, given Just the structural difference in the molecules* The 
chemical properties of a system is dependent, in a complicated way on its 
eJectronic structure. We may expect only tliat the compounds should have 
difrcrcnt macroscopic pronortios. 

There arc; Innumerable ways in which f'.-o molecules may differ 
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and still remain isomers of one another. Chemists have found it convenient 
to classify some of the differences, 

(a) StAuctunjal l6omtKi6m 

Compounds are structural isomers when they are composed 
of the same number of types of atoms but have different 

molecular structures and hence, differenc chemical oroo- 
erties. Butane (C,K ) has a skeleton consisting of 
four carbon atoms Uhtch may be arranged in two ways: 

H H H 

HC-C-C-CH H^C-C-CH 
3 , , 3 3 J 3 

H H ^"3 
n-butane isobutane 

(b) GzomttAicxit J60mQAlbm 

Some hydrocarbons, inainly the nlkenc5:, e>thib:lt a 'typo of 
steroiromerism, Two-P.ulene exists in tv;o coiif if^urat j c n ? 
different foirms: the Cis form is the arrangement in whicl 
tae two methyl groups, CH^, are on the same side of the 
lioiible bond. In the trans form, the methyl groups are on 
the opposite sides of the double bond. 



CH^ H CH 



U CH^ H^C 

One is a twisted form of the other. 



id 
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(c) Optical UomcA4 

Some isomers are mirror images of one another. Though 
at first glance they may appear to be identical , they 
are not • They are related to onr mother as the rl^ht hand 
is to the left. 

The mirror imAge of an object is not always different from 
the original. For example, the mirror image of a perfectly 
spherical unmarked ball is an identical perfectly spherical 
unmarked ball. In order for an object's mirror image to 
be different from the object itself its top mu'.t be distinct 
from its bottom and its left different from its right. 
Indeed^ anything whose mirror image is different ^rom the 
original is said to have the property of "handedness*'. 

But what is the difference in chemical and physical properties 
of such two closely related class of molecules? Surely all of 
the chemical and physical properties are the same. The only 
properties or phenomena that distinguish between them are 
those that -ref lect. a_pr.operty of handedness; and these 
are few. One important one is the interaction with 
polarized light (light that has a handedness). Consequently, 
these isomers are also called "optical" isomers. 

K, nxrr.RIMKNT/vL DnTERMi:;ATI()N' OF A MOLECULAR STRUCTURE 

In this chaprer we have placed a ?,reat deal of importance on the geometrica] 
structure of the molecules of orp;anic comnounds. If we know the molecular 
structure of a mol^^.cule, we are abje to predict somet]iin<; about its chemi- 
cal and physical properties. Consequently, the molecular structure of a 
compound contains the code for one of its lost essential properties. 

But molecules are too snail to be seen. How does one determine its shape? 
As an illustration of how chemist solve such a problen, instead of hydro- 
carbons let us usf some more reactive substances that contain oxygen. V.c 
choose two that liavc the molecular formula C2Hgt), Suppose v;e have two sai^i- 
pies, one is the liquid ethyl alcoliol ; tlie other is a gas named dimethyl 
ether. T!^t covaleut valence rules permit tx>;o possible structures for C..]!,0: 
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H H 



H It 



? I 



I I 



il 



H-C-O-C- 



H 



f I 



I I 



H H 



H M 



Ethyl Alcohol 
(I) 



Dimethyl Ether 
(II) 



How do wc distinguish between them? Our problem is to match these structures 
with the properties of the two substances. A chemist would proceed by stu- 
dying the chemical properties of the two samples. Suppose he finds that 
clean sodium metal reacts vigorously with one, giving hydrogen gas and the 



replacing a hydrogen atom we must assume that the hydrogen it replaced occu- 
pied a unique position. Otherwise several sodium atoms would have replaced 
the several positions occupied by the several equivalent hydrogen atoms. 
This sup,gest.s that this sample of has the structure indicated in fir.uri: 

(I) above* Secondly tliis first sample is .found to react with llCl to ^.ivc w.i-- 
ter. In this reaction an 0 and an II atom have been replaced by a Cl atom, 
which suggest that the 0 and H were together in the 'ori:^,inal molecule. This 
reinforces the conclusion that our sample is ethyl alcohol. 

We need to go no further to assign the first of tlie above formulas to ethy] 
alcohol, so the second must represent dimethyl ether. 

Many simple examples of this sort give the organic chemist a baclclop of in- 
formation which enables him to handle more difficult prol)lcn;i. !)y invefiCi- 
gating the properties of a substnnco, an organic chemiGt can. make a r.ocul 
guess at the formula, a...! then narrov/ do™ the poi^sibllxt:ies with, i.nfornj.- 
tion obtained from otiier (ixperimo.nujs • 



compound C2H50Na. Since only one sodium atom is absorbed into a molecule, 
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F. PROBLEMS 
Complete the following reaction equations 
(a) 



H H 



H, 



(b) 



H - C = C- C - H 



H, 



(c) 



(d) 



(e) 



(f) 



H • 



H 


H 


H 


1 


1 
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C 


C 


C 
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li 


H 



H 
1 

H- C 
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H 



- H 



- H 



H. 



H 



H. 



H 

I \ 

C - C 

I 

H 



- H 



[h - C ^ C - 1^ + 



-> ? 



Complete the followiag reaction equations 

(a) Ethyne + Hydrogen 

(b) Methane + Hydrogen 

(c) Biitene + Hydrov^.o-n 

(d) Propane + l-ydrojii*-n ' 

(g) Propi:ne -i- Hydro;:»en 

(f) Propyne + Hydrogen 
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Using the fact that oxygen requires two bonHls to join a covalent comoound, 
give the structural equation equivalei the following reactions: 

(a) CH^ + 20^ ^C02 + 2H2O 

(b) CjH^ + 30^ >2C02 + 2H2O 

Using the fact that chlorine requires one bond to join a covalent com- 
pound (chlorine gas is represented by CI2 ) predict the results of 
the following reactions by giving the equation in structural form 

(a) Ethene + Chlorine ' 

(b) Ethyne + Chlorine — — 

The general ch^lcal formulas for the alkanes, alkcne<;, and alkync5: 

are C , C 11^ and C 

n 2n' n 2n + 2 n 2n - 2 

Write the structural formula for a simple representation of each of 
of these classes, for example methane, ethene, ethyne. Then transcrib 
-the structural formula into a chemical formula. Having dona this you 
will have the chemical formula for an alkane, an alkene, and an 
alkyne. Conipare these formulae with the general formula abov^e and 
identify which class each general formula represents. 

Group the following into hydrocarbon classes, i.e., (alkancs, alkenc-r., 

V 

- etC..l......._ : 

(1^) ^6l"l22 

(c) S^H^^ 
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APPENT)IX 



MAGNETIC MODEL OF COVALENTLY BOUND MOLECULE 



Using steels balls anxi toroidal magnets, one can construct a model 
of an organic molecule which demonstrates two important features: 

(a) Two objects that do not normally attract one another 
can be bonded together through their mutual attraction 
for a third object. 

(b) As a result of a repulsive force between bonds, the 
most stable spatial arrangement of the bonds connected 
to a single object is one in which the bonds are widely 
separated « 



i^quipment ; 




One large steel ball 
(represents carbon atom) 



Four small steel balls, each 
represents a hydrogen atom. 



ic^> < CQ. 




Figure lA 



FauT. t.oraldal^.magne-t5^ f rr^p child ' i 

toy to represent 'bonds' ^ 
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Demonatratlon of the Bonding Principle 

Place the lerge and small ball Into contact shoving they do not ^blnd*' 
together. Then uelng magnet show it will act as a bond between the balls as 
eboim belov In Figure > 2A « 




\ MAGNET 

Figure 2A^ , 

f 

Denonetretion of the inetability of close spatial groups of interacting bonds 

Coaetruct a model of methane by binding four small balls to the large 
one ueiilg the four megnete as shown below. 




; 
I 




(Note: Arrange the same pole 
for all magnets to be 
pointing in the same 
direction, either toward 

.thft.. center^ of the^ spheca. 

or outwards ]• 



Figure _3A 
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Bring all four snvall balls and their bonds together into as small an area on 
the surface of the large ball as possible, holding them in contact. This 
arrangment is unstable because when they are released they raove apart under 
the force of the mutual repulsion of the bonds. 
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